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"3-INOOLEPYRUVIC ACID DERIVATIVES AND PHARMACEUTICAL 
USE THEREOF" 

><><><>< 
DESCRIPTION 

The present invention relates to novel compounds 
which are derivatives^ in the form of salts, esters 
and amides, of 3-i ndo lepy ruvi c acid. 
5 The present invention . further relates to the use 

of S-indolepyruv^i c acid, and the above mentioned deriva- 
tives thereof, as pharmaceuti ca L Ly active agents 
for the treatment of disturbances of the central nervous 
system produced in the brain by the presence of a great 
amount of superoxide anions or free radicals. Representa- 
tives of such disturbances are epilepsy, cerebral is- 
chemia, ictus and Alzheimer's disease. 

It has been shown that a pharmaceutical administration 
of the compounds according to the invention produces 
'^5 at the brain level an increase of kynurenfc acid, which 
has been recognised as a natural antagonist of the excita- 
tory aminoacids. 

References to the prior art 

3-indoLepyruvi c acid is a known compound- 
20 In published European Patent App L i ca t i on 106813, 

corresponding to USA Patent 4551471, a process for 

the enzymatic synthesis of 3-i ndo I epy ruvi c acid is de- 
{ -^ri bed, which uses aspartate aminotransferase as an 
enzyme. 

2^ In published European Application N** 0227787 a process 

for the chemical synthesis of 3-i ndo Lepy ruvi c acid is 
de^s-c.ri-bsed, which uses a coupling reaction starting from 
• :L-t:.r:iy;pjt:o;p;ban . 

W:d*re:p^v-;e it has been kn^own for several y^ars that 
30 try^pveSpih^n^ derfvaiiives can interact in raamm;ats^ W/i-th 
th;e^ fe>ciip:to;rs of so-called "excitatory afflinoa^ttd-S;"', 
fralMy ^g tutararate> M^niethyt-aspartat e, i boteni c acid. 
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kainic acid, and so on. 

In papticuLar it has been observed that quinoLinic 
acid and kynurenine are powerful agonists of excitatory 
aminoacids present in the central nervous system of 
maramaLs (as an example see: Science 219, 316-8, 1983; 
Neuropharmacology 23, 333-7, 1984) and they can lead 
to 3 rapid neuronal decay similar to that observed in 
epilepsy and Huntington's Chorea (TIPS 1984, page 215). 

The clinical importance of the excitatory aminoacids 
has become of considerable interest, such as to induce 
the organization of periodical symposiums for up-dating, 
such as the one held in London on 13th and 14 th April 
1987 ("Exci tatory . aminoacfd's in health and disease") 
and the publication of full monographic' editrons in 
scientific magazines (see TINS, Volume 10, N* 7, 1987). 
According to the .most recent views, the inhibitors of 
excitatory aminoacids can be used for blocking tremor 
and spasticity, epilepsy, neurodegenerative disorders, 
cerebral ischemia, psychosis, and the consequences of 
cerebral ictus (Scrip 1198, 27, 1987), 

It has recently been discovered that a further deriva- 
tive of tryptophan, namely kynurenic acid, is a powerful 
inhibitor of the excitatory effects manifested by quino- 
linic acid, N-met hy l-D-aspa rt ate and other aminoacids 
(J, Pharmacol. Exptl. Ther. 236, 293-9, 1986) and it 
could therefore hinder the neuronal decay in the brain 
produced by the above mentioned compounds during epileptic 
attacks> ictus, cerebral ischemia and more generally 
in neuronal alteration effects occurring during ageing. 

However, it is not possible to obtain an increase 
of kynurenic acid at the brain Level by means of an 
administration of kynurenic acid itself, in that the 
blood-brain barrier prevents the compound from 

reaching the brain from the outside. Consequently it 
25 cannot be usefully administered either orally or via 
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nopmal injection^ to Increase the cerebraL Level of 
kynurenic acid« 

It is known^ inoreoveP/ from the prior art that kynu- 
renic acid is an endogenous compound. It is originated 
5 in very sraaLL amounts from food tryptophan. However, 
not even tryptophan can be administered as a drug for 
this use, in that it is aLso transformed into kynurenines 
which have an action which antagonizes that of kynurenic 
acid. 

10 It has been shown previously (published European 

Application N** 106813) that 3-i ndo lepy ruvi c acid is 
a privileged precursor of cerebral serotonin and, as 
such, it could be used pharmacologically in all the 
diseases characterized by a tack of such endogenous 

15 amine. 

Summary of the invention 

It has now been surprisingly found that 3'-indolepyruvi c 
acid, as well as many simple derivative thereof, can 
be easily transformed "in vivo" in mammals into kynurenic 
20 acid and that the cerebral level of this acid can be 
substantially increased. 

In fact it is surprising and it is an extremely useful 
result, in accordance with the hereinbefore exposed 
considerations, that the level of kynurenic acid in 
25 t.he brain can be increased by administration of 3-indole- 
pyruvic acid or a compound according to the iav^p^tion. 

On the basis of pharmacological tests which will 
be hereinafter reported, which evidence an increase 
of kynurenic acid at the brain level following an admini- 
str.ation of , the compounds according to the /invention, 
a;n exp'lanat i on is given hereinbelow of the possible 
me'C^ftahism o-f action. 

the fact that S-indotepyruvi c acid is 'easi ly trans- 
forpm^ed into kynurenic acid in all the organs subjected 
to o:ur tests/ wh'ereas otfrer derivatives of the kynurenine 
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class are absent^ suggests that the ketoacid undergoes 
the foLLowing transformations in the nainnaL organism: 




CH2COCOOH 
^ 




COCH2COCOOH COCH2COCOOH 



NHCHO 




NH2 



S-indoleoyruvic acid 




kynurem'c acid 

'COQH 

The opening of the indole ring of 3-indoLepyruvi c 
acid couLd be produced through indoLeamine-dioxygenase 
enzyme, which is known to be present in aLL matnraaL tissues 
and to act only in the presence of superoxide anions 
(see for example: J.BioL.Chera. 250, 5960-6, •1975), 
However, a direct opening of the ring even in the absence 
of enzymes cannot be excluded, as it is known that the 
superoxide anions and the free radicals are extremely 
active compounds and the formation of kynurenic acid 
from 3-indoLepyruvi c acid has also been ascertained 
in "in vitro" sistems without any presence of mammal 
tissues (see Test N" 1 hereinafter reported). 

As it is generally proved that the superoxide anions 
and the free radicals are involved in the raising of 
a plurality of situations of neuronal decay (see "Free 
radicals in medicine and biology". Acta Physiol. Scand. 
suppl. '492, 1980), 3-indolepyruvi c acid and the deriva- 
tives fhereof appear to be selective a-gents for increasing 
the levels of kynurenic acid in the brain, mainly in 
situations of cerebral disturbance, and consequently 
they can he used as drug^s in pathologies auch as epilepsy, 
ict'U'.s, cerebral ischemia and dementia' senilis of 
Alzffeimer ' s type. 

A process f or the producti on of 3-i ndotepyruvi c acid: 
can be e-'^fected starting from L-t ryptophan^ comprisiag 
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reacting L-t ry.pi.^cjphan . with L-aminoacid oxydase enzyme 
in an oxygen containing aqueous medium at a pH of about 
7,5. 

Object of the invention are noveL derivatives of 
3-i ndolepy ruvi c acid of formula 




CH2COCO-X 



(1) 



in which X is -OR, -NHR, -NR2/ or 

-NH-CH-COOR" 
I 

R' 

wherein R is methyl, ethyl, propyl, isopropyl, butyl, 
tert.butyl, cyclohexyl, or benzyl, 

R' is a group which, together with the group -NH-CH-COO- 
forms an arainoacid radical, 

and R" is H, or methyl, ethyl, propyl, isopropyl, butyl, 
tert. butyl, cyclohexyl, or benzyl, 

and the alkali and. earth-alkali metal salts of 3-indole- 
pyruvic acid. 

A further object of the invention are pharmaceutical 
formulations containing the above mentioned novel com- 
pounds for the treatment of disturbances of the central 
nervous system produced* by the presence in the brain 
of a large amount of superoxide anions or free radicals, 
and the use ot 3-i ndol epy ruvi c acid and the derivatives 
the-reof of formula 1, for the manufacture of medicaments 
/f or^' t':he a.bo>ve mentioned t h e rap^eut i ca I i ndi cation • 

jfcfeSifeir ii^lt^oni.-.^ .:±^fcg^i...:D:ir^oic-fes:s f o,r the. p:i-Qxt.u.ct i on o.f 

;3^i^!ltt:QifeeS^^ •*; 

* 5Mi;S^d:&be#y ruA/ 1 c acid ca*n be prepared s-tarttag fro tit 
L-^tifypetfergiB^anie taking adviarvtage . of a aew method of en-. 
z>y:roia>tic syriit'hies'i 3, In f act the aminoacid is reacted 
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with L-aminoacid oxydase, an enzyme which is present 
in a Large amount in a number of snake venoms/ in' a 
continuously oxygenated aqueous medium. 

3-i ndo Lepy ruvi c acid is formed according to the foLlow- 
5 ing reaction: 

L-tryptophan + O2 ~ — > 3-indoLepy ruvi c acid + NH3+H2O2 
To avoid the degradation by H2O2 of the ketoacid 
formed, cataLase, an enzyme which transforms H2O2 into 
H2O and 02/ is also added to the solution. 
10 A considerable amount of 3-i ndoLepyruvi c acid can 

be obtained in a. continuous flow reactor comprising 
a first column filled with resin to which a suitable 
amount of. L-aminoacid oxydase and catalase enzymes have 
been li nked - 

15 L-aminoacid oxydase enzyme can be obtained from the 

venom of several snake, species, such as: 

Ankistrodon, Bitis, Crotalus, Dendroaspis, Naja, 
Pseudechis, Trimeresurus, viper, and the like. 

Catalase can be obtained from cattle liver, for 
20 example. 

It has been shown that a plurality of resins are 
able to link the enzymes, in such a way as not to affect 
their catalytic activity. Among them, particularly 
useful are Eupergit C type resin (produced by Rohm 

25. Pharma), Arainoaril CPG (produced by Pearce), Michroprep 
silica (produced by E. Merck) and sodium alginate coated 
with qua'terni zed polyethylene-imine. 

In the second column an ion exchange resin is charged 
(such as Amberlite X AD-4), able to hold 3-indoLepyruvic 

^0 acid formed and allow the passage of tryptophan to be 
recy-c L ed. 

The system was activated by two peristaltic pumps 
^of the same flow rate, connected to the first cotumn 
and" to the reactant supply, consisting of a buffered 
35 'L-tryp:top'han solution (such as phosphate buffer with 
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a pH^from 7 to 8). 

Hereinafter an example of preparation of 3-indoLe- 
pyruvic acid is described, 

500 mg L-*aminoacid oxydase enzyme from venom of 
5 CrotaLus Atrox were dissolved into phosphate buffer 
1M pH 7,5. ^ 

6 g Eupergit C resin were added under light stirring 
and Left standing, for 24 hours at room temperature. 
At the same time 10 rag of catalase from cattle liver 
10 were added to 10 ml of 1M phosphate buffer pH 7,5. 

3 g Eupergit C resin were then added under light 
stirring and left standing for 24 hours at room tempera- 
ture. The resins were united in a porous filter and 
the solution was eluted by gravity. After washing with 
tS 300 ml of 0,1 M phosphate buffer pH 7,5, the resin was 
packed into a first column. A second column was charged 
with 5 g Araberlite X AD-4 resin, previously adjusted 
with 0,1 M phosphate buffer pH 7,5. 500 rag L-tryptophan 
in 100 ml of 0,1 M phosphate buffer pH 7,5 were added 
20 in the solution supply. The flow rate was set at 1 
ml/minute. After 22 hours the second column was cut 
off and the solution was eluted with methanol. 

The 3-indolepyruvi c acid thus obtained was dried 
and weighed (about 200 mg). 
25 Preparation of the derivatives of 5-indolepyruvi c 

acid 

The 3-indolepyruvi c acid derivatives were synthetised 
with the aim of enabling the compounds to pass- more 
easily through the blood-brain barrier and. conse- 

■30 querist .1 y to increase the levels of kynurenic acid formed 
in the central ne.TVou>s system. 

For this synthesis four routes were essentialLy 
f ol Low.ed : 

a) the salts were obtained by the alcoholates of 
3'5 the CO rrei'Spro riding metals in anhydrous ether; 
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b) methyl ester of 3-indoLepyruvi c acid was produced 
by reacting the acid with di azomet hane; 

c) methyl ester and other esters were produced by 
reacting the carboxylic ion with alkyl halides, with 

5 corresponding nucLeophylic substitution of the halogen. 
As the acid is highly instable, a salification reaction 
was inital.ly effected with DBU < 1 , 8-d i azab i cy c lo- I 5 . 4 . 0 I - 
undec-7-ene) , which- forms a complex with a large charge 
displacement. This complex, which is strongly nucleo- 
phylic and a weak base, can attack primary, secondary, 
tertiary alkyl and benzyl halides, without giving rise 
to simultaneous elimination reactions. In this manner 
methyl, ethyl, isopropyl, ,tert. butyl, bezyl esters were 
synthetized and in a similar manner propyl, butyl, cyclo- 
hexyl esters and the like can be synthetized; 

d) amide type compounds were obtained by a reaction 
activating the carboxyl group of 3-indolepyruvi c acid 
by means of a carbodi imide, in the presence of hydroxy- 
benzot ri azole, with formation of the corresponding activa- 

20 ted ester. This is attacked by an amine group with 
formation of the corresponding amide bond (when an amine 
was dealt with) or a peptide bond (when a protected 
aminoacid was dealt with). 

Hereinafter some examples of preparation for the 
2^ 3-i ndo lepy ruvi c acid derivatives are described. 
"Examale 1 

Preparation of the Mg salt of 3-indolepy ruviri c acid. 
The ^compound was prepared by reacting the ketoacid 
with magnesium oxide in an anhydrous ether medium: 



3-Q 
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IPA + .HgO ^^2Q ^ IPA Mq + HjQ 
anhydrous ^ 

An anhydrous etfier solution of 3-indolepyruvic acid 
(IPA) (200 mg) is addi ti oned wi th 40 mg HgO under stirri-ng 
arid argon environment, at 20-25''C. The suspension was 
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stirred for one night. A large amount of fLoccuLent 
water soluble precipitate was recovered, which was care- 
fully washed with EtzO. The precipitate was dried under 
vacuum for one night. The conversion into salt was 
about 90%. This salt shows a 215°C melting point with 
decomposition. 
Example 2 

Sodium, potassium, calcium and barium 3-indoLepy ruvates 
are produced in the same manner as described in Example 
1. 

Example 3 

Preparation of 3-indolepyruvi c acid methyl ester. 

1,0 g of 3-i ndolepyruvi c acid were suspended into 
50 ml anhydrous benzene under argon atmosphere. 

1,5 ml DBU were added at room temperature, under 
brisk stirring. Heating was then started for refluxing 
benzene . 

Almost immediately the yellow suspension changes 
into a dark yellow rubbery solid, which makes stirring 
difficult. At a temperature of about 50 to dO^C 1,0 
ml CH3I diluted in 5 ml anhydrous benzene were added. 
On refluxing benzene, it was noted that the rubbery 
solid was transformed into a brown-red compound. 

After one night refluxing under argon atmosphere, 
the benzene solution was decanted and the reddish solid 
was taken with CH2CI2 until dissolved. The organic 
solutions were united and the precipitate was filtered 
off. The organic solution was washed successively with 
5% solution NaH*G03 (10 x 50 ml), saturated MaGL solution 
up to neutratity, 5% -so-l-ution of ICHSO4 (10 x-5Q ml) 
a'rl'd saturated MaGl solution up to neutrality. -AiLer 
leavTrig for one night on anhydrous Na^SQA^ ^'^'^^ 
fil.te^ped off and the residue was purifietf by fUsh chramra-- 
ta:giiS'^:p:-hy on silica gel (eluent CH2CL2 90/acetone ia)^ 
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thus obtaining a Lightly yeLLow chroniatographi ca L Ly 
pure solid (one spot on TLC anc* one peak in HPLC), 

The structure was confirmed by IR and NMR spectrometry. 
The yield was about 602. 
5 Examole 4 

Preparation of 3-i ndo lepy ruvi c acid ethyl ester. 

Following the same method as ' previously described, 
1,0 g 3-i ndo Le-py ruvi c acid were reacted with 1,5 ml 
DBU and 790 microliters et hy lb romi de . In this case 
''O the benzene soLjitTOn appeared red orange. After flash 
chromatography purifi cation the ethyl ester was obtained 
with a yield of about 70%. 

Example 5 

Preparation of 3-i nrloleoyruvi c acid benzyl ester.. 
15 Following the same method as previously used, 1,0 

g 3-i ndo lepy ruvi c acid were reacted with 1,5 ml DBU 
and 850 microliters benzylchloride. The benzene solution 
before the extraction's appeared red orange. Flash chroma- 
tography purification showed a 65% yield of benzyl ester. 
2^ Examole 6 

In a similar manner as described in the preceding 
examples, the propyl, isopropyl, butyl, tert. butyl and 
cyclohexyl esters are prepared. 
.Example 7 

^5 Preparation of N,N-diraethyl 3-indolepyruvamide. 

A solution of 500 mg 3-i ndo lepy ruvi c acid in 25 -ml 
anhydrous tet rahydrof uran on an ice-salt bath, under 
argon . atmosphere and under stirring was additioned in 
swift succession with: 400 mg hyd roxybenzot ri azo le <HQBt) 
and 570 mg 1-C3-dimeth.yLaminopropyl)-3-ethylcarbodi- 
imide.HCL (EDC.HCl). After dissolving and still maintain-- 
ing the ice-salt bath, 240 mg dirarethylaraine.HCl were 
added .dissolved in 10 ml anhydrous tet rahF/drof uran and 
325 microliters 4-met hy Imorpho I i ne (HUM) • The yeUowaah 

35 
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gold solution was maintained under stirring for one 
nighty Leaving the bath temperature to rise up to room 
temperature. The volume was then tripled adding CHjCLj 
and the organic solution was washed in sequence with 
5% NaHC03 (10 x 25 ml), saturated NaCl solution (3 x 
25 ml), 5X KHSO4 (10 X 25 ml) and saturated NaCl solution 
up to neutrality. After standing for one night on an- 
hydrous Na2S04, this was filtered off, the mixture was 
purified by flash chromatography (silica gel, eluent 
CH2CI2 25/n-propanol 1,5). 

A strongly hygroscopic solid was obtained which showed 
itself to be pure on TLC and on HPLC. The amide was 
characterized by IR and NMR spectra (yield about 35%), 

Example 8 

Preparation of N-cyclohexyl 3-indolepyruvamide. 

The same method as described in Example 7 was followed 
for the preparation of N,N-dimethylamide. 500 mg 3- 
indolepyruvi c acid, were reacted with 400 ml HOBt and 
570 ml EDC.HCl. 340 microliters of freshly distilled 
cyclohexylamine and 325 microliters NMM were added to 
the soluti on,' whi ch was reacted for 5 hours. 

After flash chromatography . purification, a yield 
of, about 50% was detected. 

Example 9 

Preparation of N-benzyl 3-indolepyruvamide. 

Following the same method as previously described 
in Example 7, 500 mg 3-i ndo I epy ruvi c acid were reacted 
with 400 mg HOBt and 570 mg EDC.HCl. 425 mg benzylaraine 
and 325 microliters NMM were then added. After reacting 
for one- night, it. was purified by flash chromatography. 

The final yield appears to be about 55%. 

:Ex;?amp.l.g^.1 0. 

Fo»tt:dWrtfrg the same .method as described in Exraoiples 
7 to -9, NvN^diethyl, N,Ii^dipropyl, N,N-dibU'ty I, H-mie-th-yL,. 
N-etftyl/ N-oropyl, H-isopropyl, N-butyl, N-tert. butyl 
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3-i ndo Lepy puvoami de are produced. 

Pseudo-dipeptides have been prepared by reaction 
of 3-1 ndoLepy ruvi c acid (IPA) and methyL esters of amino- 
a c i d s • 

Example 11 

Preparation of I PA-L-ALA-OMe . 

400 mg HOBt and 570 mg EDC.HCL were added in a swift 
sequence to a solution of 500 mg 3-indoLepyruvi c acid 
in 30 mL anhydrous tet rahydrof uran under stirring, on 
an ice-saLt bath and under argon atmosphere. After 
dissolving and maintaining the ice-saLt bath,- a cold 
solution of 415 rag L-alanine methylester .HCL in 10 ml 
anhydrous tet rahydrof uran and 325 microliters NMM was 
added. The yellowish solution was stirred for. three 
hours Leaving the temperature to rise to room temperature. 
Then the volume was tripled with CH2CI2 and the reaction 
mixture was successively treated with 5%^ NaHC03 C10 
X 20 ml), saturated NaCL solution (3 x 50 ml), 5% KHSO4 
(10 X 20 ml) and saturated NaCL solution up to neutrality. 
The yellowish soLution was Left standing for one night 
on anhydrous Na2S04, then this was filtered off and 
the pseudo-di peptide was purified by flash chromatography. 

A hygroscopic yellowish solid was obtained, which 
appeared pure on TLC and in HPLC. The structure was 
confirmed by IR and NMR spectra. Yield was 405J. 

Following the s'arae method the compound IPA-O-ALA- 
OMe was prepared, obviously starting from D-alanine. 

Both 'the esters were then unblocked to obtain- the 
free acids. 

Ex^amovle 12 

Preparation of IPA-L-PHE-OMe, I PA-0-PHE-O«e and the 
corresponding free acids. 

By the same method as previously described, 500 mg 
3-in'ddlepyruvi c acid were reacted with 400 mg HOBt and 
570 mg EDC.HGL. 640 rag phenylalanine methylester hydro- 
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chloride (L or 0) and 325 microLiters NMM were then 
added. After reacting for five hours and purifying, 
hygroscopic yellowish solids were recovered with a yield 
of about 55%. 
5 Example 13 

Preparation of IPA-L-TYR-OMe, IPA-D-TYR-OMe and the 
corresponding free acids- 

By using the sanie method as previously described, 
500. rag of 3-i ndolepy ruvi c acid were reacted with 400 
10 mg HOBt and 570 mg EDC.HCl. 690 rag tyrosine methylester 
(L or D) and 325 microliters NMH were, added. After 
reacting for five hours and purifying, hygroscopic yellow- 
ish-gold solids were recovered with a yield of 65%. 

Example 14 

15 Preparation of IPA-L-PRO-OMe, IP A-D-PRO-OHe and the 

corresponding free acids. 

Following the same method as previously described, 
500 rag 3-i ndo lepy ruvi c acid were reacted with 400 rag 
HOBt and 570 mg EDC.HCl. 370 mg proline methylester 

20 hydrochloride (L or D) and 270 microliters NMH were 
added. After reacting for one night and purifying, 
hygroscopic yellowish solids were recovered with a yield 
of 40%. 

Example 15 

25 Following the same method as described in Examples 

10 to 14, the other pseudo-di pept ides are obtained by 
reacting -S-indolepyruvi c acid with the corresponding 
am inoac id. -methylester. 
Phvd.rm,a..c.o.LQ.q T.ca.l. t e st s 

3''0 P-h;aiFra'a::Colo:gi cal tests have been carried out to evaluate 

th-e :t'e.<^els a=nd the activity of kynurenic acid in various 
animal organs. 

For the measurement of such levels after administration 
of 3-i ndokepy ruvi c acid or a deri vat i ve ' thereof / a system 
wa>s. set up based on ultraviolet detection of the compounds 
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separated by high pressure LiquTd chromatography. 

Briefly, after sacrifice of . the anirnaL/ some of the 
principal organs were taken and homogenized with alkaline 
ethanol. Proteins and cell remains were removed by 
5 cent ri f ugat i on, whilst the over natant was adsorbed 
on Bio-Rad AG 1x8 resin. After washing with water it 
was eluted with formic acid. It was then passed on 
Bio-Rad AG 50W-x8 resin, eluted with 3% ammonia, dried 
and retaken with a small amount of water. 

10 The sample thus obtained was injected into a Waters 

apparatus for high pressure liquid chromatography, using 
a C18 10 micron column and eluting with 0,02 m citric 
acid contain'ing 10% of methanol. The* kynurenic acid 
Levels were extrapolated by the calibration line of 

15 the acid and reading at 234 nm. 

The ..tests hereinafter reported have the object* of 
illustrating the effect of administration of IPA and 
the derivatives thereof of formula 1, on the production 
of kynurenic acid in the brain. The tests also show 

20 that the agent producing such an effect is IPA, rather 
than tryptophan. 

It is well known in fact, as mentioned hereinbefore, 
that tryptophan (briefly TRP) is transformed into kynur- 
enines within the peripheral, tissues and a doubt could 

25 be raised that these kynurenines could be responsible 
for the production of kynurenic acid in the brain. This 
however is not the case, as the following tests show. 
The tests confirm that only an administration of IPA 
causes the Level of kynurenic acid in the brain to 

30 in c r e-as^e substantially. 
l^-s±„- 1 

Transf drm^at i on of ^ 3-i ndolepyruvi c acid into kynurenic 
acf'd^ "in vitro**, within a non enzymatic system. 

W^fce-h 3-i ndolepy ruvi c acid or a derivative th-ereaf 
of fbtmulia 1 is incubated in a slightly acid solution 
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(HCL Q/1 M), in the presence of oxidising agents* (03) 
and Light, in time the formation of smalL amounts of 
kynurenic acid is observed. ParticuLarLy starting from 
2 mg 3-indoLepy ruvi c acid, 0,5 micrograms are obtained 
after 2 hours and 0,7 micrograms after 4 hours. 

This test shows that 3-i ndo Lepy ruvi c acid is trans- 
formed, even without enzymes, into kynurenic acid, even 
"in vitro". 

Test 2 

•Transformation of 3-indoLepyruvi c acid into kynurenic 
acid in tissue homogenates. 

Mate rats fasting for 16 hours were sacrificed and 
their organs were taken and homogenized in 5 volumes 
of 0,05 H phosphate buffer pH 7/4 + 0,14 M KCL. 

SmaLL amounts of homogenate (0,8 ml) were additioned 
with various amounts of 3-indoLepyruvi c acid or the 
derivatives thereof, dissolved into a buffer solution, 
and with a system for the production of free radicals, 
consisting of ascorbic acid (final lO^^ m), FeCLs (final 
lO"* M) and HjOj (final 1Q"'* M) . It was stirred at 
37*^0, then the reaction was blocked. The following 
result's were obtained- 

TABLE 1 
Kidney homogenate 
Anount of kynurenic acid formed 

30' 60' 120' 



3-i ndoLe pyruvic acid 

3 - i ndal ep y ru v i c acid 

3 - A '0;d'o. L e p-y r u v i c acid 
Try.ptdp'hah 



final 0.8 mg 160 

final 1 .6 mg 232 

final 4 rag 185 

final 1 .6 mg 55 



ng 190 ng 208 ng 

ng 280 ng 315 ng 

ng 221 ng 270 ng 

ag 82 ng 111 ng 
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TABLE 2 
Brain hooogenate 

Anount of kynurenic acid forned 

30* 60' 120' 

3-i ndoLepy ruvi c acid 1.6 mg 165 ng 280 ng 380 ng 

Tryptophan 1-6 mg 0 0 0 

IPA-Methy Lester 48 ng 65 ng 83 ng 

IPE-TYR-Oroe 44 ng 48 ng 79 ng 

IPE-PHE-Ome 75 ng 82 ng . 92 ng 



IPA ■= 3-1 ndoLepy ruvi c acid 

IPA-TYR-Ome = 3-i ndo Lepy ruvi c acid tyrosine methyLester 
IPA-PHE-Ome = 3-indoLepyruvi c acid phenylalanine methyLester 

^5 xhe resuLts show that kynurenic acid is formed in 

time when 3-i ndo L ep y ruvi c acid is incubated with 
homogenates of various organs. 

Tryptophan in the brain is never transformed into 
kynurenic acid, as shown in TabLe 2, and thi s ' evi dences 
that the transformation into kynurenic acid only occurs 
directLy from IPA ketoacid. 

In the kidney, where kynurenine transaminase is 
present, it is possible that kynurenic acid is also 
formed from kynurenine. It is known, however, that 
25 said kynurenic acid cannot reach the brain, in that 
this is hindered by the blood-brain barrier. 

Moreover, Table 2 shows that the" derivatives of IPA 
are also able to produce kynurenic acid when incubated 
in brain horaogenate. 

Res^umi ng,. t hi s test shows that IPA is able to transform 
in-to kynurenic- acid in the brain, whereas tryptophan 
ca-n^h o t . 
,Weist 3 

•Erf^iwct on the content of kynurenic acid after adraints^ 
^ . tr^aii'dn of IPA in ra^, -:^-=--- 
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Mate pats were treated with saline soLution- (cont roLs) 
or with various doses of IPA, which was injected 3 hours 
before sacrifice. Each Lot comprised 10 animals. 

The results are reported in picomoLes/g of tissue 
5 (or ml of blood) t standard error. 

TABLE 3 









Liver 


Blood 


Brain 


Saline 






121+ 5 


25+ 3 


18i 2 


IPA - 100 


nig/Kg 


i.p. 


240i 20 


62+ 3 


24+ 1 


IPA - 100 


mg/Kg 


per OS 


275+ 25 


87i 8 


28+ 2 


IPA - 250 


Rig .Kg 


i.p. 


547+ 25 


164+10 


. 32+ 3 


IPA 250 


ng/Kg 


pep OS 


485+ 40 


120+12 


38+ 3 


IPA - 500 


(ng.Kg 


I.p. 


2860+300 


442+20 


110+10 



15 

The results show that admini stration • of IPA -produces 
an increase in the Levels of kynurenic acid in the tissues 
under test. Such an increase is dose-dependent. This 
fact is particularly relevant in the brain, where, for 
20 a SOO mg/Kg dose of IPA, values of kynurenic acid six 
times higher than the controls are obtained. 

This. test shows' that an administration at IPA causes 
the level of kynurenic acid in the brain to increase 
to .an extent depending .on the dose. It is to be noted 
25 that, as previously illustrated, an administration of 
tryptophan does not produce such an effect. 
Test 4 . 

Effect-s on the content of tryptophan and kynurenic 
acid in .the brain of rats, by treament with IPA or trypto- 
3:0 p h am . 

'Ma-l^ rats were treated with- saline solution (controls), 
IPA or tryptophan i.p. one hour before sacrifice. Each 
lot was of six animals. 

The re.*p'drted values are in picomoles/g for kynurenic 
®5 ^cid arid pi coradles/mg for tryptophan. 
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TABLE 4 

Kynurenic acid Tryptophan KYN/TRPxIO^ 

SaLine 18+2 21.3 + 3 0-86 

IPA 250 mg.Kg AJ t 5 124 t 10 0-40 

TRP 250 mg/Kg 35 1 3 206 i 15 0,16 



The results of this test show that in the brain, 
10 kynurenic acid is formed preferably by direct opening 
of the indole ring of IPA, rather than through the kynur- 
enins. 

IPA consequently can be considered as a selective 
precursor of cerebral kynurenic acid. 
15 In fact, as in test N** 2 it was shown that TRP does 

not trasform into kynurenic acid in the brain, the pre- 
sence of kynurenic acid due to administration of TRP 
should be due to transformation into kynurenic acie 
of kynurenines coming from peripheral organs. 
20 On the other hand, the ratio of the content of 

kynurenic acid to tryptophan excludes the same pathway 
for 3-i ndo L epy ruvi c acid. 

This proved that 3-i ndo lepy ruvi c acid transforms 
directly into kynurenic acid in the brain. 
25 Test 5 

Time course of the kynurenic acid levels after adminis- 
tration, of IPA. 

Male, rats, in lots of five animals each, were treated 
i.p. with 230 mg/Kg IPA and were sacrificed at different 
30 times, evaluating the levels of kynurenic acid present 
in various organs. 

The results are reported in picomoles/g 1 standard 
error. • 

35 
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TABLE 5 



Brain 
Liver 
Ki dney 
Heart 



Control 
20i 2 
80tl0 

262+25 
67t 7 



1 hour 

39+ 4 
827t 50 
2593+250 
181+ 18 



2 h urs 

32+ 3 
464+ 40 
2395+200 
177+ 20 



3 hours 
38i 4 
235+ 5 



A hours 
28i 3 
122+ 10 



1480+150 1200+150 
104i 12 100+ 11 



The results show a high increase of kynurenic acid 
in all the organs under test (inaxitDuni in kidney). The 
10 levels remain high even after 4 hours from administration. 
Test 6 

Effect of administration of IPA or derivatives thereof 
on audiogenic convulsions in 0BA2 mice. 

To evaluate whether an increase in kynurenic acid 
15 in the brain after administration of IPA could have 
a protective action on neurons stressed by excitatory 
aminoacids^ the experimental pattern of inducing 
convulsions in a particular strain of mice (DBA2) by 
selected sound stimulations was followed. In such pattern 
20 kynurenic acid is protective against convulsions. 

The substan,ces were injected intravenously one hour 
before the test. Then the number of animals showing 
tonic convulsions was measured. 



25 



3:0 



Controls 
IPA 200 rag/Kg 
Tryptophan 200 mg/Kg 
Mg++ IPA salt 



TABLE 6 

Aninals with convulsions X 

9/14 65% 

4/12 33% 

. 8/10 80% 

4/,14 29% 



The results show a good protective action by IPA 
and its .Mg++ sialt against tonic convulsions induced 
By sound stimulat-fons on 0BA2 'mice. On the contrary^ 
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tryptophan showed no eHectiyB action. 
Test 7 

Action of administration of IPA on NMDA induced con- 
vulsions. 

5 N-inethyL-O-asparti c acid (NMDA) is a corn-pound having 

a powerful neurotoxic effect, due. to <^activation of 
specific receptors of the excitatory aminoacids. As 
it is weLL known that kynurenic acid " protects against 
. the toxicity due to NMDA, the action of IPA, as precursor 
in of kynurenic acid, was evaluated against the toxicity 
of such compound- 
Mice of Albino Swiss strain were treated with saline 
(controls) or with IPA (1 g/Kg i,p.) one hour before 
receiving a toxic dose of NMDA (154 mg/Kg i.p.). 



15 



20 



TABLE 7 

Tonic convulsions Deaths 
Controls 9/10 8/10 
Treated 5/9 3/9 



From the above results it can be assessed that IPA 
is able to protect mice against both convulsions and 
death induced by NMDA, 

It follows that 3-indolepyruvi c acid and the above 

25 described derivatives thereof, can be used for the 
treatment of human and animal diseases due to a lack 
of kynurenic acid at the brain level and more generally 
for the- treatm.ent of disturbances of the central nervous 
system produced by the excitatory aminoacids. 

3;:D The administration-. can be made by means of 

p:h:aT'm:a'ceu^t i ca I c-om p:os i t i o n s ■ containing the active 
s:ubs'tan.c.e in a. dose of aboiu-t 2 to 20 mg71Cg body weig.ht 
for- a "p-er os" administration, and in a dos:e" of ab.oiut 
1 to- to mgV^Kg body' w.e-ig'ht for a parenteral adaini st rat i-anv 

3;5- p-or the oral, pa-rente-ra I or rectal administration- 



the usual pharmaceut i cat forms can be used/ such as 
piLLs, capsuLeS/ solutions, suspensions/ injections, 
suppositories, in . association with pha rrnaceut i ca L Ly 
acceptable carriers or diluents and excipients. 

5 
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CLAinS 

1. 3-indol.epyruvic acid derivatives of formuLa 




CH2COCO-X 



(1 ) 



10 



in which X is -OR, -NHR, -NRj^- <"* 



-NH-CH-COOR" 
I 

R' 



15 



20 



25 



30 



where R is methyl, ethyL, propyL, isopropyL, butyL, 
tert. butyl, cyclohexyl or benzyl, or a metal selected 
frojn the group consisting of K, Mg, Ca, Ba, forming 
asaLtwith3-indolepyruvicacid, 

R' is a group which, together with the -NH-CH-COO- 
group forms an aninoacid radical, and 

R" is' H, or methyl, ethyl, propyl, isopropyl, butyl, 
tert. butyl, cyclohexyl or benzyl. 

2. Use of a compound of formula 

CH2COCO-X 

10 : 



in which X is -OH, -OR, -NHR.. -NR2* or 




•NH-CH-COOR' 
I 

R' 



where R is methyl, ethyl, propyl, isopropyl, butyl, 
tert i'fcuty I*, cycldhe^xyl or benzyl, or a raetal s-electe-d 
frdni ..the group consisting of Na, K, Mg, Ca, Ba, forming 
3'5 a s:alt wifh 3-indolepyruvi c acid, 

R*' is a group which> together with the 
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group forms an aminoacid radical/ and 

R" is.H/ or methyl, ethyl, propyl, isopropyl, butyl, 
tert.butyl, cyclohexyl, 

for the manufacture of a medicament for treating 
disturbances of the central nervous system due to the 
presence of excessive amounts of excitatory aminoacids 
in the brain. 

3. Use according to claim 2, in which said disturbances 
are epilepsy, cerebral ischemia, ictus and Alzheimer's 
disease. 

4. Use according to claim. 2, for the manufacture 
of a medicament able to increase the cerebral level 
of kynurenic acid. 

5. Pharmaceutical compositions comprising a 
3-indolepyruvi c acid derivative as defined in formula 
(1) on claim 1, as an active substance for the treatment 
of disturbances of the central nervous system due to 
the presence of an excessive amount of excitatory 
aminoacids in the brain, in a therapeutically effective 
amount, and a pha rmaceut i ca I ly acceptable carrier or 
diluent . 

— 6-V--A- method for treating disturbances^ of the central 

nervous system due to the presence of an excessive amount 
of excitatory aminoacids in the bra=i<i in the mammal, 
comprising administering to said mammal a therapeutically 
effective amount of a compound of formula: 



I 

H 



CH2COCO-X 



(1) 



in which X is -OH, -aR, -NHR, -NRj, or 



-NH^CH^COOR' 
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where is R is methyl, ethyL, propyL/ isoppopyly butyL, 
tert.butyL/ cycLohexyl op henzyL, op a nietaL selected 
fpom the gpoup consisting of Ma, K, Mg, Ba, fopming 
a salt with 3-indoLepyruvi c acid, 

R' is a gpoup which, togethep with the •NK-CH-COO- 

gpoup fopms an arainoacid padical, and 

R" is H, OP methyl, ethyl, ppopyl, isoppopyl, butyl, 
""tept .butyl, cyclohexyl op benzyl. 

.7. A method accopding- to claim 6, in which said 
^ disturbances ape epilepsy, cepebpal -ischemia, ictus 
and Alzheimep's disease. 

a. A method accopding to .claim 6, for incpeasfng 
the cepebpal level of kynupenic acid. 



